Abstract. In this work we review localized structures appearing in thermo-convective experiments performed in extended (large "aspect ratio") fluid layers. After a brief general review (not exhaustive), we focus on some results obtained in pure fluids in a Bénard -Marangoni system with non-homogeneous heating where some structures of this kind appear. The experimental results are compared in reference to the most classical observed in binary mixtures experiments or simulations. In the Bénard-Marangoni experiment we present the stability diagram where localized structures appear and the typical situations where these local mechanisms have been studied experimentally. Some new experimental results are also included.
Introduction
From the experimental point of view and considering the term in a wide sense, a "localized structure" can be observed as a fixed (or drifting) spatially limited dynamic structure, overlapped on a different and extended dynamic state (homogeneous or patterned). To our knowledge, the name was used for the first time in [1] . In 1993 Cross and Hohenberg [2] defined this kind of structure, as a local perturbation appearing in systems by them called of "Type Io" (i.e.,wave number qo = 0, and frequency wo = 0). This situate "localized structures" in the frame of instabilities associated to a structure normally embedded in an otherwise ideal pattern, formed by traveling waves.
However, in some previous experiments other local confined states immersed in extended patterns has been named "coherent structures" (bubbles, thermal plumes, swirls, etc). Coherent structure in this frame (principally in turbulent flows and in boundary layers) is any local structure with a lifetime comparable or higher to the transit time through the container [3] . That is, a local structure that keeps its shape at least during a characteristic transit time in the planform. If the spatial perturbation of the base state is stationary it could be considered as a "local defect" in a patterned plane, (even if it is traveling mounted on a mean flow of the homogeneous state). This kind of patterns appear normally on homogeneous states with linear traveling waves or feebly non-linear waves.
In this brief review we are focusing on the first kind of localized states. That is, a local convective structure with a different dynamic from the basic state. The basic Fig. 1 . Localized structure inside a periodic stationary pattern in a Taylor-Couette flow (from [18] ).
state could be homogeneous (conductive), traveling waves, rolls, hexagons, or even chaotic, and usually, the local structure interact with it, being confined or acting as a source/sink for new traveling waves. Higher order non linearities play a basic role in this kind of states. Localized structures in thermo-convective flows have been studied both experimentally and numerically in different systems since many years ago. Convection in fluid layers of binary mixtures heated from below, in containers with different lateral geometry like rectangular [4] [5] [6] , cylindrical [7] , or annular [1, 9] has been some of the key experiments performed in the first stage.
Convective systems with other kind of fluids and geometries have also been studied experimentally. Localized traveling rolls have been shown in experiments of convection in nematic liquid crystals under electric fields [10] , in cryogenic 3He-4He binary mixtures and even in pure fluids with inhomogeneous heating [11] . Also has been studied numerically in magnetofluids (where the name "convecton" appear for the first time) [12, 13] , in 3He-4He mixtures [14, 15] , and in Marangoni convection (surface tension driven) in binary fluids [16] , but the number of new successful experiments reported up today is very low.
We would like also to mention that other kind of localized solutions have been reported in different fluid experiments. For instance, the existence of turbulent spots on top of laminar solutions, as appear in the transition to turbulence in Rayleigh convection [17] . There is also an analogy between convective systems and Taylor Couette experiments, where the driving force is inertia instead of the Archimedean force. Turbulent spots have also been reported ( fig.1 ) in these experiments [18] . Other experiments with similar behavior are plane Couette-flow one's [19] , or pipe flow turbulent spots [20] . In this work, we will focus on laminar localized structures.
Localized structures have been related from the beginning to solutions obtained in the frame of Ginzburg Landau equations [21] , and since then, a lot of mathematicalnumerical work was done, even without an explicit reference to any experiment. Calculations anticipated results that in many cases have been after confirmed in experiments, as the "hole" type solutions [22, 23] . More recently, another group of numerical studies with Ginzburg-Landau equations including higher order non-linearities (quintic) like in ref. [24] [25] [26] [27] [28] Fig. 2 . Parameter region to obtain localized structures in binary mixtures heated from below. The corresponding experiments are for S < 0, references [1, 6, 7, 9] and for S > 0, reference [8] .
Convection in binary mixtures
Thermoconvection in binary fluids heated from below is a well studied example of "Type Io" system [2] , where time and space scales are similar to the Bénard-Rayleigh convection in pure fluids [29] under the same driving forces. We remember here that Bénard-Rayleigh convection (without surface tension) occurs in a fluid between two conductive plates and convection is driven by buoyancy forces. The first pattern that appear (for high Prandtl fluids) is normally a set of parallel rolls. With the upper surface open to the air, surface tension add a cooperative gradient and the basic pattern becomes composed by hexagonal cells. In binary mixtures a concentration gradient (horizontal) appears, and there is a possibility to have a first bifurcation oscillatory (when separation ratio is negative), a fact that immediately brings to have small amplitude traveling waves and a very rich phenomenology in the planform. It is well known that under this condition (negative separation ratio) besides the Hopf bifurcation other two features, a subcritical bifurcation to convection and a dependence on a other parameters like a small parameter, the Lewis number, complicates the behavior. The main differences in binary mixtures are additional effects due to concentration gradients creating a solute flow due to Soret effect, and a separation in the time scales controlled by Lewis number. The new relevant parameters are: the Rayleigh number Ra, Soret number, Prandtl number Pr, the separation rate S, and the mentioned Lewis number L.
Rayleigh number is a measure for relative importance of destabilizing and stabilizing buoyancy effects and usually in experiments it is the main control parameter. Prandtl number is the ratio of characteristic thermal and viscous relaxation times, and define the type of fluid used (P r = ν/k, where ν is the viscosity and k the thermal diffusivity). It is important for dynamical behavior and non-linear regimes after secondaries instabilities (the conductive-convective threshold is independent of Pr). A high Prandtl number fluid (higher than 10)is better to have separated the inertial and buoyancy regimes. The Lewis number, that separate the time scales, is the ratio between time scales for thermal and solute diffusion respectively (L << 1).
Linear stability analysis of the thermal conducting state divide roughly in two main groups the convective patterns obtained in the experiments. Depending mainly, on the separation rate S sign (positive or negative), and providing that L is small, localized structures appear usually for S negative (see Figure 2) . A positive separation rate (S > 0) means a higher concentration of the less density component in the bottom part of the container (unstable stratification)and brings to a different situation. For negative separation rates, oscillations are due to the difference between diffusion times for heat and concentration, the last acting as "elastic force". It should be noted that it means an small amplitude instability. Strong movements destroy the concentration effects. The role played by the concentration field, among others analysis, can be found in references [30] [31] [32] [33] [34] .
The results of the experiment have been early related to solutions in complex Ginzburg-Landau equations. A general theoretical 3D approach to convection in binary mixtures was presented in [35] , oriented to positive separation ratio S.
Experiments have been performed, both for positive and negative separation ratio, mainly in two components mixtures of ethanol and water, but also in more sophisticated cryogenics mixtures like 3He-4He. To our knowledge, localized structures in convective experiments have been reported for the first time as appearing in these systems [1] .
Negative Soret Coefficients
As it was said, convection appear as growing oscillations which evolve into standing waves when separation rate is negative. With increasing amplitude these waves undergo a transition to traveling waves, and then to more complex waveforms. Out of these states emerge stable stationary spatially localized structures embedded in a background of small amplitude standing waves (see fig-3 ). In 1990 P. Kolodner [36, 9, [37] [38] [39] , presented evidence for the reflection of traveling waves in a localized structure. The relation of these states to the time-independent spatially localized states that characterize the so called pinning region is investigated by exploring the stability properties of the later, and the associated instabilities. The system studied by them differs from both binary fluid convection and natural doubly diffusive convection, although like the others, it is reversible in space and non-variational [16] . Specifically, the time-independent binary fluid system studied in [47, 52] is equivariant under the spatial reflection R: (x) to (−x), where (x) is the horizontal coordinate, and hence is reversible as dynamical system in space, i.e. (x) acts as time-like variable [14] [15] [16] 42, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] .
3 Localized structures in pure fluids: non-homogeneous heating
The first experiments in the study of thermoconvective localized structures, were performed almost exclusively in binary fluids. However, localized structures have been reported also in pure fluids with lateral heating, or non-homogeneous systems heated from below. In both systems, convection was studied with the upper surface of the fluid open to the air, that is, including both buoyancy and surface tension forces (Bénard-Marangoni convection). Also in both systems the existence of an additional horizontal gradient could play the role of the concentration gradient in binary mixtures.
Localized structures have been reported in experiments [11] , [44] , [57] and in simulations in [58, 59] . During 90's years, experimental interest in this kind of systems was focused in other problems like to classify patterns, quantify effects of boundaries (geometry and properties), transitions between patterns or evolution of defects. To our knowledge, in these experiment reports on localized structures are rather scarce and mixed with other results.
The quasi-unidimensional system on which the results presented here have been obtained, was described initially in [45] and in many other papers from the same authors. It is a variation of former experiments developed with a hot wire near the surface of a fluid [43] . To put order in the richness of all experimental situations obtained was a more than 10 year task. The first stability diagram appears in [11] , and more complete stability diagrams where presented in [63, 65] . We have presented a simplified version of these diagrams in figure 4 , where bifurcations with conditions to produce localized structures have been identified (vertical arrow) as a function of the fluid layer depth.
The main characteristic of this experiment is that all the localized structures that we will present here appear on the top of a patterned stationary structure. Increasing the control parameter other solutions (traveling waves) can appear through a subcritical instability. Most of the results that we are going to discuss appear in the region where the arrow is plotted in figure 4 .
The experimental setup of these experiments (see fig.5 ), essentially consist on a fluid layer placed in a narrow channel with the surface open to the atmosphere, and where the temperature of the bottom plate is not homogeneous. A nearly Gaussian profile is created along the shorter dimension (y), and consequently we have combined two effects (i) a classical Bénard-Marangoni convection due to the vertical gradient applied, where a threshold must be crossed to produce convection and (ii) a lateral heating convection instability where the horizontal temperature gradient destabilizes the fluid without threshold (wavenumber k = 0). A detailed description on the different experimental setups that produce this dynamics can be found in [11, 63, 64] . This experiment has also been used to analyze the defects dynamics that can be frozen depending on how the control parameter is increased (change rate) when crossing the threshold [65] [66] [67] .
As a result, the dynamics of the different patterns is very rich, and some of the states presented here have been found in lateral heating experiments for large depths [68] and even in Taylor-Dean experiments [60] . The primary state is a couple of homogeneous counterrotating rolls whose axis is parallel to the longest dimension (x) of the cell. When the vertical temperature gradient (a control parameter) is further increased, this roll will break its translational symmetry in (i) a stationary cellular pattern for small depths (ST), or (ii) a traveling cellular pattern for large depths (TW). These two solution coexist in a Codimension 2 point, that separates both regimes (see fig. 4 , left). Here we will focus in a position close but below this point (where the black arrow is presented).
Over the cellular stationary pattern (ST) a secondary subcritical instability can appear, and two symmetrical traveling solutions are created on top of the stationary pattern (ALT). Depending on the control parameters and on the short term history of the experiment different situations can be reached. Concerning localized structures, we can differentiate two groups: (i) perturbations of the basic state and (ii) localized structures of one of the solutions on top of other of the patterns.
In the following, we will discuss these localized structures. 
Localized phase pulses
This situation appears just below the threshold of the gray region where the three regimes can appear simultaneously (marked as ST+ALT+TW in fig. 4 ). These localized structures are localized states in the sense we can define a region where a perturbation exists for times longer than the typical experimental times. In figure  6 we present one of the typical behaviors observed below the threshold. Over the stationary pattern there is a perturbation of the phase of the stationary pattern that propagates with a very well defined velocity (non-linear group velocity). This perturbation can be reflected at the lateral wall of the experiment, and can even collide with other pulses. One of these collisions appear around t = 250, for x = 250 px. The right-coming pulse is difficult to see. As a consequence, one of the pulses disappears and only one, traveling to the left, survives.
In the middle panel of figure 6 we plot the local wavenumber, where these perturbations are clearly visible. Instead of the situation of NB holes [22, 23] these pulses are no associated with a traveling hole of the amplitude of a propagating wave. These last solutions can be modeled and described with high accuracy using a G-L model. Here only on the vicinity of the spatio-temporal defects where the collision takes place, the amplitude of the stationary pattern vanishes. In other places the amplitude fluctuates, but around a constant value. This kind of structures were predicted in refs [61, 62] . 
Localized states over extended solutions
If we further increase the control parameter (the vertical temperature difference ∆T v ), new modes appear on the system. These modes are propagative, instead of the one that constitutes the stationary base state (ST). Moreover, the wavenumber of these propagative modes (in the following, TW1 and TW2, depending on the propagation direction, towards positive or negative x values) is one half of the wavenumber of the stationary pattern. As it was stated above, if we increase the control parameter d, we will cross through a codimension-2 point, and from that point the TW appears over an homogeneous state. When the threshold of these propagative states is crossed, three different solutions can coexist on the system, each one of them is stable, although the stability of each one of these states depends on the experimental parameters. Here we will focus on two situations: (i) a transient localized solution that appears on the top of traveling waves ( fig. 7 ) and (ii) stable localized solutions that appear on the top of stationary waves ( fig. 8 ).
Transient localized structures
One of the possible states the system can reach is a source of traveling waves localized somewhere along the channel. On top of these propagative solutions we may find different regions where the other solutions appear: Localized structures of the two other modes (ST and the other TW) can be identified. These solutions exist for short periods of time, and indicates the strong non-linear coupling that exists between the different modes. Inside each one of these localized structures the TW are very well defined (wavenumber and amplitudes), but there is a modulation on the stationary mode (the associated wave number is not constant, but decreases in the direction where the base state propagates). Also, in these solutions a defect appears at the core of these solutions, simultaneously in both solutions TW1 and TW2.
We would like also to note that in this situation the core of the source of waves is controlled by the presence of a localized state of the stationary mode. In some way, this stationary mode couples the two propagative solutions that growth to different spatial domains.
Stable localized structures
As discussed in detail in [63, 65] , the bifurcation towards these new waves is subcritical, and consequently there is a hysteresis region. Different spatial configurations can appear, depending on the history of the experiment. For some choice of parameters, the stationary pattern wins, and in other cases a very rich dynamics can be triggered. But somewhere in this hysteresis region all the solutions will share a similar stability, and the fronts that separates the solutions should remain stationary (Maxwell point).
In this configuration there is a whole range of values of the control parameter where localized states with stable boundaries are found. In this region we have typically both traveling waves that are fired simultaneously, living on top of the stationary cellular pattern, the alternating pattern ALT. For some parameter values we find islands of this alternating pattern surrounded by stationary pattern (not shown here, but can be observed, for example in [63, 65] ). These results have been reproduced in numerical simulations by [28] and are similar to those proposed as a result of snake-bifurcations [48, 16, 49] . In those bifurcations, a special localized solution appears around the Maxwell point in the bistable region of the parameter space. The spatial extension of these solutions depend on which one of the stable branches is selected. The fronts are stable, and the system can increase or decrease its size jumping between stable branches for the same parameter values.
But an even more interesting dynamical behavior appears for larger values of the control parameter. In that case, there is a competition between the stability of the two traveling solutions, that now are not combined but pulsate alternatively. In figure 8 we plot one of this states. In fig. 8(a) we present the original pattern, where the localized structure can be observed in the spatial region ranging from x = 200 to 300px. The stationary pattern is always present, and in top of it both traveling solutions appear. The amplitude of each one of these solutions is presented in figures 6.b and 6.c. Black means zero amplitude, and white the maximum value. The TW1 (resp. TW2) identifies the left (resp. right) traveling wave. The maximum amplitude is reached alternatively between both solutions. To emphasize this fact, the average amplitude is presented in the bottom panel of fig.8 . The dashed line corresponds to the right TW, and the solid line to the left TW. A heteroclinic cycle can be identified between both solutions. A similar behavior can be reproduced using Quasi1D solutions [69] .
Conclusions
We have presented a quick review of the experimental localized states that can be found in convective systems, where buoyancy plays an important role destabilizing the originally stationary fluid layer. These states can appear in binary mixture convection but also in pure fluid convection. The first configuration is the original setup where these states where described, and the last constitutes a new approach to study these objects. In both systems, there are at least three different physical mechanisms in competition, but the details differ. In binary mixtures the key point is the competition between the two species, and how these concentration gradients interact with the temperature gradients. As a result, stationary or propagating localized states can be found.
In pure convective experiments, localized structures can be observed provided that two different thermal instabilities appear combined. Here we have presented the case of a system where horizontal and vertical temperature gradients are applied simultaneously, each one giving rise to a different instability (Bénard-Marangoni and lateral heating convection). In Bénard-Marangoni the first solution is a stationary pattern, whereas for lateral heating the basic solution are propagative waves. When these two effects are combined, there is a region where these two solutions compete, and localized solutions can be created. We have summarized the main situations that can be measured, and we have presented new dynamical mechanisms between these patterns.
